Cruise industry has recorded rapid expansion during the last decades, and it has substantial contribution to local economies. In this paper, we introduce a cruise tourism supply chain system consisting of one supplier and two newsboy-type retailers. We investigate the optimal decisions in a decentralized system from a game theoretical perspective and find out the optimal ordering and pricing strategies of both retailers and the optimal wholesale prices of the supplier with the limited number of cruise tickets and try to find out how the total profits should be allocated by the two retailers in the alliance case. Our framework involves two operational strategies, including inconsistent wholesale prices in the benchmark case and consistent wholesale price in the alliance case in which the two retailers have a virtual alliance, combining to one retailer. A numerical example compares the performance of the supply chain members and the system in two cases and finds that it is better for the two retailers to have a virtual alliance, combining to one retailer when the total amount of cruise tickets ordered by the two retailers is constrained by the total number of cruise tickets for the supplier, but it is not good choice for the two retailers to combine to one retailer when the total number of cruise tickets for the supplier does not constrain the total amount of cruise tickets ordered by the two retailers. In addition, the performance of the system in the alliance case is as good as that in the benchmark case when the total amount of cruise tickets ordered by the two retailers is constrained by the total number of cruise tickets for the supplier. However, when the total number of cruise tickets for the supplier does not constrain the total amount of cruise tickets ordered by the two retailers, the performance of the system in the benchmark case is better than that in the alliance case.
Introduction
In recent years, we have witnessed a period of rapid growth and remarkable change in the cruise industry, which is one of the fastest growing and most dynamic segments of the entire tourism and leisure travel market [1, 2] . According to Cruise Market Watch, the number of passengers is projected to grow to 25 million in 2019 with an average growth rate of 4.5% [3] . The substantial spending of cruise passengers, together with the high growth rates, indicates that the cruise industry has great market potential. Therefore, policy makers and researchers have paid close attention to the economic impacts of cruise tourism at the national or regional level [4] , Chang and Lee et al. [3] build a network DEA model to elaborate the operation of cruise lines at two stages for the purpose of analyzing the financial statements of the lines. However, we investigate the supply chain management problem of the cruise industry in China.
In terms of the cruise industry, it may be different from the other industries in several ways. First, there is no salvage of the cruise tickets in one trip, but many products such as garment and mobile phone often have salvage after a period. Second, there is a nature partnership between the downstream retailers. That is when one retailer's order quantity of cruise tickets is less than the customers demand then they can reorder the cruise tickets from the other retailer by a higher reorder cost, which is similar to the emergency procurement behavior in Zhang and Liu [5] . But it is uncommon in other industries, because there always only exist competition between retailers in general case; that is, there is no specific cooperation between retailers. Third, because of the characteristics of cruise industry operation, 2 Mathematical Problems in Engineering there is almost no centralized system in the cruise industry. Suppliers and retailers compete with each other, while other industries may have centralized systems. Finally, the total number of cruise tickets for the supplier is fixed over a relatively long time, because the size of the cruise is fixed, and the number of cruise beds is limited, and it may hold a limited number of customers during one trip. It is impossible for the supplier to satisfy the total amount of cruise tickets ordered by downstream retailers when the total number of cruise tickets for the supplier is smaller than the total amount of cruise tickets ordered by retailers. But, for the other industries, it may always occur that the supplier can satisfy the total amount ordered by the retailers, and one can take no account of the limited number of products for the supplier.
Supply chain management has been studied by many researchers; however, it always refers to ordinary products, seasonal products, or other related products. These products often involve the passing of property, but the sale of cruise tickets may more involve the right of use to the cruise in one trip. That may be a difference between the cruise tourism supply chain management problem and other industries supply chain management issues. In addition, as for the two-echelon cruise tourism supply chain, there will always be competition between the upstream supplier and the downstream retailers like other industries supply chain, and, in reality, the competing retailers in the cruise industry can use alliance to counter the monopoly of supplier, and the paper considers the strategic alliance between the two retailers whether being better off to both retailers or not, and correspondingly we analyze the performance difference of the supplier and the system between the benchmark (without alliance) case and the alliance case.
In this paper, we address the cruise tourism supply chain consisting of one supplier-cruise owner and two competing retailers with the limited number of cruise tickets for the supplier under stochastic demand, and we find that the maximum profit function of the supplier is continuous and concave, so the optimal solution to the wholesale ticket price of the supplier exists, and it is the one and only solution; the maximum expected profit functions of both retailers are also continuous and concave, and the optimal solutions to the retail ticket price and order quantity of cruise tickets for both retailers exist, and that is the one and only solution, and then this paper illustrates that the optimal wholesale ticket price of the supplier is not affected by the market potentials of both retailers in the alliance case; that is, the optimal wholesale ticket price in the alliance case is decided by supplier without considering the market potential of both retailers or the market potential gap between the two retailers. We are particularly interested to see what the performance difference of the supply chain members and the system is between in the benchmark scenario and in the alliance scenario with a certain number of cruise tickets for the supplier, and we study the optimal decisions of the supplier and both retailers in the two scenarios. Furthermore, the paper numerically investigates the impacts of related parameters on the supplier's profit, the two retailers' expected profits, the system's expected profit, the optimal pricing and ordering decisions of both retailers, and the optimal pricing decision of the supplier. In addition, our work considers the profits allocation between the two retailers in the alliance case, and the paper gives some useful management insights into the economic behaviors of cruise firms. We assume that all parameters and states are considered common knowledge so that all players have full information [6] , and when each of the two retailers has no enough number of cruise tickets to customers, the retailer can reorder the insufficient number of cruise tickets using more than the wholesale price costs from the other retailer. The two retailers are in the same market and compete with each other in the benchmark case, and the two retailers cooperate to have a virtual alliance, combining to one retailer to weaken the supplier's monopoly position in the alliance case.
The relevant literature can be divided into three research streams: joint decision on pricing and ordering research, multiechelon supply chain research, and competitive research. The newsvendor model is necessitated by the pricing and ordering decisions under uncertain demand. And our work is closely related to the newsvendor setting literature. Whitin [7] is the first to formulate a newsvendor model with price effects. In his model, selling price and stocking quantity are set simultaneously. Petruzzi and Dada [8] review the newsvendor problem and formulate a randomness in demand which is price independent model either in an additive or in a multiplicative fashion. Hua and Wang et al. [9] consider the newsvendor problem that incorporates price decision with free shipping using the two fashions.
In the operations management research, joint decision pricing and ordering research is not uncommon. Fu and Dan et al. [10] present a joint decisions model in a newsvendor setting, where a retailer sells the seasonal products at the weather-dependent prices and provide a detailed analysis of the problems and characterizations of the optimal decisions when the retailer is risk-neutral. Wu and Zhang [11] study ordering and pricing problems for new repeat-purchase products and incorporate the repeat-purchase rate and price effects into the Bass model to characterize the demand pattern which considers two decision models: two-stage decision model and joint decision model. Liu and Zhang et al. [12] investigate online dual channel supply chain system and its joint decision on production and pricing under information asymmetry. They extend a newsvendor framework to dual channel in which there exists competitions and apply the competitive stochastic customer demand functions to the dual channel supply chain management.
Because the overall system sometimes should be considered in the supply management, multiechelon supply chain is widely studied. Tiaojun and Gang et al. [13] study the coordination of the supply chain in which there are one manufacturer and two competing retailers with demand disruptions and consider a price-subsidy rate contract to coordinate the investments of the competing retailers with sales promotion opportunities and demand disruptions. Cachon and Zipkin [14] investigate a two-stage serial supply chain with stationary stochastic demand and fixed transportation times. Qi and Wang et al. [15] consider a two-echelon maketo-order supply chain consisting of one supplier and two retailers under carbon cap regulation and analyze the pricing Mathematical Problems in Engineering 3 decision process in a decentralized system from a game theoretical perspective.
Competitive research is challenging, but competition is also more in line with the actual situation, so many scholars study the optimization of supply chain from the perspective of competition. Parthasarathi and Sarmah et al. [16] study the supply chain coordination under retail competition using a newsvendor framework in which the random demand faced by each retailer is dependent on their own price as well as on the price of the competing retailer. In addition to this, the demand is also influenced by the initial stock level of each individual retailer. Bernstein and Federgruen [17] and Narayanan and Raman et al. [18] investigate decentralized supply chains with competing retailers under demand uncertainty and design contractual arrangements between the parties that allow the decentralized chain to perform as well as a centralized one. In addition, Liu and Zhang et al. [12] extend a newsvendor framework to dual channel in which there exists competitions and apply the competitive stochastic customer demand functions to the dual channel supply chain management, and Qi and Wang et al. [15] study a make-to-order supply chain with one supplier and two competing retailers under a carbon cap regulation and formulate different pricing models and analyze the respective pricing processes under a carbon cap regulation in a decentralized system considering the competition between the two retailers.
Our work is closely related to Qi and Wang et al. [15] but differs from Qi and Wang et al. [15] in several manners. First, the demand is deterministic of the two-echelon supply chain in their work, but our work studies the random demand. Second, they consider an external constraint-carbon cap regulation-imposed on the supply chain; however, our work considers the internal constraint of the limited number of cruise tickets for the supplier. Third, their framework involves various operational strategies, including consistent and inconsistent wholesale prices for the supplier and consistent and inconsistent retail prices for the two retailers, but our framework involves only two different pricing strategies, and we consider how the total expected profits of both retailers in the alliance case should be allocated by the two retailers, in which case both retailers launch an alliance against the monopoly position of the supplier in cruise industry. Our model is most closely related to Liu and Zhang et al. [12] ; Liu and Zhang et al. [12] set a dual channel newsvendor model and investigate online dual channel supply chain system and its joint decision on production and pricing under information asymmetry; they take more consideration to the impact of information on retailer's optimal decisions and profits of the supplier and retailer. But our work has to consider the limited number of cruise tickets for the supplier.
This paper considers the limited number of cruise tickets for the supplier, and the two retailers may follow a policy which is similar to the "base-stock" policy. Federgruen and Zipkin [19] demonstrate that a modified base-stock policy is optimal for a single-stage capacitated inventory system over an infinite horizon; this policy recommends ordering up to a particular inventory level, if possible, but to the capacity level otherwise. And, in the optimal decisions process, similar to Ben Daya and Raouf [20] that develop a Lagrange based method for solving two-constraint problem with uniform demand distribution, we also solve the limited number of cruise tickets constraint problem using a Lagrange based method, and we develop a solution method based on KuhnTucker (K-T) conditions which produces the optimal solution to the problem with any continuous demand distribution similar to Zhang [21] . In addition, when the two retailers launch a virtual alliance, combining to one retailer in the alliance case, we establish a bargaining game similar to Selcuk and Gokpinar [22] in order to satisfy each of the both retailers.
The paper is structured as follows. In Section 2 we describe the model and provide some notations and assumptions. Section 3 solves the optimal decisions of the supplier and two retailers in the benchmark case. Section 4 deals with the optimal decisions of the supplier and two retailers in the alliance case as well as the total profits' allocation between the two retailers. Section 5, based on a numerical example, illustrates different optimal decisions under two cases and sensitivity to critical parameters, and it allows us to interpret the effects of market potential of the two retailers and competition between them on profits. We conclude in Section 6. Proofs appear in the Appendix.
Modeling and Assumptions
The paper considers a two-echelon supply chain consisting of one supplier and two retailers under stochastic demand with the limited number of cruise tickets for the supplier. Because, in the cruise industry, there are few cases of centralized system, then we discuss two cases (the benchmark case 1 ̸ = 2 and the alliance case 1 = 2 = 0 ) in the decentralized system.
The Notations and Assumptions.
For the stochastic customer demand, we denote the demand function of both retailers as follows:
(1)
, which is a parameter, represents the market potential of retailer 1 ; is called the cross-price-sensitivity coefficient, which implies the intensity of competition between the two retailers, and is the random variable of retailer's ( = 1, 2) demand, with the mean ( = 1, 2), in our model, and let 1 = 2 = 0 and the density function (•) have a continuous derivative (•) [16] , and (•) ≥ 0 in our model. The major notations used in this paper are listed in Table 1 .
Consistent with Petruzzi and Dada [8] , we define
4 Mathematical Problems in Engineering The total number of cruise tickets for the supplier Market potential composed of the retailer 1 Cross price elastic coefficient The cost per unit when the amount of cruise tickets ordered by a retailer less than the demand of consumers then to reorder from the other retailer The unit wholesale ticket price of the supplier to retailer ( = 1, 2) in the benchmark case 0
The unit wholesale ticket price of the supplier to retailer ( = 1, 2) in the alliance case
The unit retail ticket price of the retailer ( = 1, 2) in the benchmark case The unit retail ticket price of the retailer ( = 1, 2) in the alliance case The retailer ( = 1, 2) order quantity of cruise tickets in the benchmark case
The retailer ( = 1, 2) order quantity of cruise tickets in the alliance case
Lagrange multiplier in the benchmark case Lagrange multiplier in the alliance case The random variable of retailer'
The PDF(Probability Density Function) of random variable
The CDF(Cumulative Distribution Function) of random variable ( = 1, 2)
The inverse Cumulative Distribution Function of random variable ( = 1, 2)
Note: the subscripts "r" and "s" are added to the relative variables to represent the values of the retailer and supplier, respectively, the subscripts "1" and "2" are added to the relative variables to represent the values of the retailer r 1 and r 2 respectively, the subscript "T" is added to the relative variables to represent the values of the system, and the superscripts " * " and " " are added to the relative variables to represent their corresponding optimal values and the corresponding values in the alliance case, respectively, and the expected profits in the benchmark case and the alliance case are denoted as Π(⋅), Π (⋅), respectively.
where ( = 1, 2) is the retailer's order quantity of cruise tickets in the benchmark case, and ( = 1, 2) is the retailer's order quantity of cruise tickets in the alliance case.
And there are also some assumptions made in our model.
(1) The total market potential equals 1, and ( ∈ [0, 1]) represents the market potential of retailer 1 . 1 − represents the market potential of retailer 2 , and then we also assume that ≥ 1/2, implying that the market potential of the retailer 1 is bigger than or equal to the market potential of the retailer 2 .
(2) The price-sensitivity coefficient of every retailer equals , and < 1 ( ∈ [0, 1]), implying that the demand of retailer ( = 1, 2) is more sensitive to than the rival's price.
, implying that the reorder cost when one retailer's order quantity of cruise tickets is less than the customers demand and then to order from the other retailer is larger than the wholesale ticket price from the supplier, and the wholesale ticket price of the supplier is larger than the operating cost of his own.
(4) The total number of cruise tickets levels at the beginning of the period. Both retailers know the total number of cruise tickets levels for the supplier at the beginning of the period, which was similarly assumed by Parker and Kapuściński [6] .
(5) All the demands of customers must be met at all times, and the retailers must ensure satisfying the demands of customers through a cost which is larger than the wholesale ticket price and swift transportation from the other retailer to provide to customers [5, 12] .
(6) All members in the cruise industry supply chain are risk-neutral. The market information is a common knowledge, and retailers are assumed to be operating in the same marketplace, and all of them seek the maximization of their own expected profit.
Modeling Formulation.
In this paper, the supplier has a certain number of cruise tickets with a constant unit operating cost c, and the supplier determines the wholesale ticket prices to the two retailers. Both retailers operate in the same marketplace and compete with each other [6] , and the two retailers, respectively, determine the retail ticket prices 1 , 2 and the order quantities of cruise tickets 1 , 2 simultaneously with the fixed number of cruise tickets 0 for the supplier. We study a decentralized system in two cases, which are the benchmark case ( 1 ̸ = 2 ) and the alliance case ( 1 = 2 = 0 ), and we want to compare the performance of the supply chain members and the system between them in the benchmark case and in the alliance case where the two retailers have a virtual alliance, combining to one retailer. And the two-echelon cruise tourism supply chain is illustrated by Figure 1 , where the benchmark case is represented in Figure 1 (a) and the alliance case is represented in Figure 1(b) .
We model the decisions process of the system as a Stackelberg game in which the supplier is the leader and the two retailers are the follower. In this system, the decisions process is that the supplier first determines the wholesale ticket prices 1 and 2 in the benchmark case or 0 in the alliance case, and then the two retailers, respectively, determine their own retail ticket price and the order quantity of cruise tickets simultaneously. In addition, the cruise industry has no salvage value; then the model in the paper is equal to a model which is salvaged at 0 similar to Luo and Sethi et al. [23] .
Under this system, the expected profit functions of both retailers in the benchmark case are
where
. Given the retail ticket price and the order quantity of cruise tickets, the retailer's revenue is shown in the first term, the second term is the purchasing cost from the supplier, and the last term is the purchasing cost from the other retailer when the demand of consumers is larger than his/her orders.
The profit of the supplier in the benchmark case is
Accordingly, the expected profit functions of both retailers in the alliance case can be formulated by
The meaning of each term in this expression is similar to that in (5) . The profit of the supplier in the benchmark case can be formulated by
The supplier and two retailers in two cases all operate to maximize their own expected profit.
Optimal Joint Decisions in the Benchmark Case
In this section, the supplier sets the wholesale price discrimination to the two retailers because of the different market potential of both retailers, and we use the backward sequential decision-making approach to obtain the optimal solutions.
Joint Decision on Pricing and Ordering of the Two Retailers in the Benchmark Case.
From (1)- (5) and 1 = 2 = 0, we can obtain the expected profit functions of both retailers in the benchmark case as follows:
where Θ ( ) = ∫ − ( − ) * ( ) ( = 1, 2). We can formulate the Stackelberg game model under this system in the benchmark case as follows:
2 is derived from solving the following problem
Using the backward sequential decision-making approach in this model, both retailers' response functions for the given wholesale prices 1 and 2 in the benchmark case may be obtained as follows:
From both retailers' response functions, we can obtain the following proposition.
Proposition 1. The retail ticket prices of both retailers are increasing with the increasing intensity of competition between the two retailers for the given values of W 1 and W 2 .
Form Proposition 1, we know that the greater the competition between the two retailers, the larger the retail ticket prices of both retailers; that is, the retail ticket prices of both retailers are increasing with increasing the degree of the substitution between the two retailers.
Decision on Wholesale Ticket Prices of the Supplier in the Benchmark
Case. Under this system, the supplier determines the optimal wholesale ticket prices * 1 and * 2 to the two retailers differently in the benchmark case based on the existing number of cruise tickets for the supplier. From the game model in the benchmark case we can have the following proposition.
Proposition 2.
The optimal wholesale ticket prices of the supplier in the benchmark case can be given by
(ii)
Note that, in the rest of the paper, there always are = ( −1 (( − )/ )) and = ( −1 (( − )/ ))( = 1, 2). From Proposition 2, we can have the supplier's optimal wholesale ticket prices which may be different when the total number of cruise tickets for the supplier is different. To be more specific, the size relationship between the total amount of cruise tickets ordered by the two retailers and the total number of cruise tickets for the supplier may affect the optimal wholesale ticket prices of the supplier.
Optimal Joint Decisions in the Alliance Case
In this section, the supplier decides the consistent wholesale price to the two retailers because there is an alliance between them, and then we also use the backward sequential decisionmaking approach to obtain the optimal solutions.
Joint Decision on Pricing and
Ordering of the Two Retailers in the Alliance Case. From Section 2, we can have the expected profit functions of the two retailers in the alliance case as follows:
where Θ ( ) = ∫ − ( − ) * ( ) ( = 1, 2) . Then we can formulate the Stackelberg game model under this system in the alliance case as follows:
The same as the structure in Section 3, we have both retailers' response functions in the alliance case as follows:
Decision on Wholesale Ticket Price of the Supplier in the Alliance
Case. Under this system, the supplier determines the optimal wholesale ticket price * 0 to the two retailers identically in the alliance case based on the existing number of cruise tickets, and, from the game model in the alliance case, we have the following proposition.
Proposition 3.
The optimal wholesale ticket price of the supplier in the alliance case can be given by
According to Proposition 3, we can obtain the following corollary.
Corollary 4. The optimal wholesale ticket price of the supplier in the alliance case is not affected by the market potential of the two retailers.
This corollary implies that the wholesale ticket price of the supplier to the two retailers in the alliance case has nothing to do with the market size of each retailer, and it may be related to the existing number of cruise tickets for the supplier and the competition between the two retailers.
Profits Allocation between the Two Retailers in the Alliance
Case. In terms of the expected total profits size relationships of both retailers in the two cases, we can talk about it in two ways. In the first way, the total expected profits of the two retailers in the alliance case are equal to that in the benchmark case, and then the optimal negotiated payoff of the retailer in the alliance case equals the optimal expected profit of 8 Mathematical Problems in Engineering the retailer in the benchmark case. In the second way, the total expected profits of the two retailers in both cases are not equal, and there is a bargaining game between the two retailers in the alliance case. Then, we can formulate a model which is similar to Selcuk and Gokpinar [22] in the alliance case as follows: let ( 1 , 2 ) be the values of the expected profit of retailer 1 and retailer 2 in the bargaining game, and we have 1
We define the market potential of the retailer 1 , , as the bargaining power of the retailer 1 , and we define 1 − as the bargaining power of the retailer 2 . Then the allocated value of the retailer 1 , 1 , can be found as the solution to the following maximization problem:
The solution yields *
Similarly, the allocated value of the retailer 2 , 2 , can be found as the solution to the following maximization problem:
The optimal solution * 1 is the retailer r 1 's payoff in the alliance case, and the optimal solution * 2 is the retailer r 2 's payoff in the alliance case.
Numerical Example
In this section we provide a numerical example to illustrate the two cases in our model, and then we analyze the effects of the coefficients , on the profits of the cruise supply chain members as well as the system and provide some management insights.
Numerical Analysis.
In this subsection, we provide three different total numbers of cruise tickets for the supplier: 0 = 0.6, 0 = 0.5, and 0 = 0.4 and set the parameters as follows: We give that ( = 1, 2) is uniformly distributed with a mean of 0, respectively, which should satisfy the conditions that are given as the above, and then we set them as 1 ∼ The optimal solutions and the corresponding computational results in the benchmark case are summarized in Tables 2 and 3, and the optimal solutions and the corresponding computational results in the alliance case are summarized in Tables 4 and 5 .
From Table 2 , we can conclude that the optimal retail ticket price and the optimal order quantity of cruise tickets of the retailer 1 , which has the relatively larger market potential when > 1/2, are gradually increasing with the increasing whatever the total number of cruise tickets for the supplier is in the benchmark case. However, it is opposite to the retailer 2 , which has the smaller market potential and the retailer r 2 's optimal retail ticket price and the optimal order quantity of cruise tickets are decreasing with the increasing in the benchmark case with three different total numbers of cruise tickets for the supplier. Then we obtain the wholesale ticket prices change differently with three different total numbers of cruise tickets. First, when the total number of cruise tickets for the supplier equals 0.6; that is, the total number of cruise tickets for the supplier accounts for 60% of the total market demand, and when the total number of cruise tickets for the supplier does not constrain the total amount of cruise tickets ordered by both retailers, the optimal wholesale ticket price of the supplier to the retailer 1 is slightly decreasing with the increasing , but that to the retailer 2 is slightly increasing with the increasing , and the wholesale ticket price to the 9 But when the total amount of cruise tickets ordered by both retailers is constrained by the total number of cruise tickets for the supplier, both retailers' optimal order quantity of cruise tickets should be adjusted based on the existing number of cruise tickets for the supplier, and when is not too large, the wholesale ticket price to the retailer 2 is larger than that to the retailer 1 , and when is relatively large ( = 0.8 in our mode), it is adverse to the former, and the wholesale ticket price to the retailer 1 is larger than that to the retailer 2 . Furthermore, the wholesale prices of the supplier to both retailers in the case in which the total amount of cruise tickets ordered by the two retailers is constrained by the number of cruise tickets for the supplier are larger than that in the case in which the number of cruise tickets for the supplier does not constrain the total amount of cruise tickets ordered by the two retailers. And when 0 = 0.5 and 0 = 0.4, the total amount of cruise tickets ordered by both retailers is constrained by the total number of cruise tickets for the supplier, and the optimal wholesale ticket price to the retailer 1 is gradually increasing with the increasing , but that to the retailer 2 is gradually decreasing with the increasing .
From Table 3 , we can conclude that the optimal retail ticket prices of both retailers are gradually increasing with the increasing whatever the total number of cruise tickets for the supplier is in the benchmark case, implying that the greater the competition between the two retailers, the higher the retail ticket prices of the two retailers, and when the total number of cruise tickets for the supplier does not constrain the total amount of cruise tickets ordered by the two retailers, both retailers' order quantities of cruise tickets are gradually increasing with the increasing too, and when the total amount of cruise tickets ordered by the two retailers is constrained by the total number of cruise tickets for the supplier, both retailers' optimal order quantities of cruise tickets may be smaller than that in the former, but both retailers' optimal order quantities of cruise tickets are also gradually increasing with the increasing . As to the optimal wholesale ticket prices of the supplier, when the total number of cruise tickets for the supplier does not constrain the total amount of cruise tickets ordered by the two retailers, the optimal wholesale ticket prices to both retailers are slightly decreasing with the increasing , and the wholesale ticket price to the retailer 1 , which has the larger market potential, is larger than that to the retailer 2 . But when the total amount of cruise tickets ordered by the two retailers is constrained by the total number of cruise tickets for the supplier, the wholesale ticket price of supplier to the retailer 2 is larger than that to the retailer 1 . And, under this case, the wholesale ticket prices to both retailers are gradually increasing with the increasing , implying that the greater the competition between the two retailers, the higher the wholesale ticket prices of the supplier to both retailers, which is similar to the retail ticket prices of the two retailers. In addition, the wholesale ticket prices of the supplier and the retail ticket prices of the two retailers in a larger number of cruise tickets case are always higher than that in a smaller number of cruise tickets case, which is consistent with [24] .
There are the optimal solutions of the supplier and the two retailers in the alliance case in Tables 4-5 . From Table 4 , we can conclude that the retailer r 1 's optimal retail ticket price and the optimal order quantity of cruise tickets are gradually increasing with the increasing under a certain total number of cruise tickets for the supplier; however, the retailer r 2 's optimal retail ticket price and the optimal order quantity of cruise tickets are gradually decreasing with the increasing in the alliance case, which is similar to that in the benchmark case. And the optimal wholesale ticket price of the supplier in the alliance case is immunity to the increasing , which verifies the previous theoretical result in Corollary 4. And the optimal wholesale ticket price in a smaller number of cruise tickets case is larger than that in a larger number of numerous cruise tickets' case.
From Table 5 , we can conclude that the retail ticket prices of both retailers are gradually increasing with the increasing , implying that the greater the competition between the two retailers, the higher the retail ticket prices of both retailers with a certain number of cruise tickets in the alliance case. When the total number of cruise tickets for the supplier does not constrain the total amount of cruise tickets ordered by the two retailers, the two retailers' optimal quantities of cruise tickets are gradually increasing with the increasing , implying that the greater the competition between the two retailers, the larger the quantities of cruise tickets ordered by the two retailers. But when the total amount of cruise tickets ordered by the two retailers is constrained by the total number of cruise tickets for the supplier, the optimal order quantity of cruise tickets for the retailer 1 , which has the relatively larger market potential, is gradually decreasing with the increasing , and the optimal order quantity of cruise tickets for the retailer 2 , which has the relatively smaller market potential, is gradually increasing with the increasing . And the wholesale ticket prices of the supplier to both retailers are gradually increasing with the increasing with a certain number of cruise tickets, implying that the greater the competition between the two retailers, the larger the wholesale ticket price of the supplier to both retailers in the alliance case, which is similar to the change in the benchmark case.
Effects of the Coefficients and
on Profits. In this subsection, we study the effects of the coefficients and on the expected profits of the supply chain members and the system in the benchmark case and the alliance case when the total number of cruise tickets for supplier is 0 = 0.6, 0 = 0.5, and 0 = 0.4, respectively.
From Figure 2 , we can see that the total expected profits of both retailers are gradually increasing with the increasing and under a certain number of cruise tickets for the supplier condition in two cases. And the larger the total number of cruise tickets, the higher the total expected profits of the two retailers. In fact, it is true that when the total number of cruise tickets for the supplier does not constrain the total amount of cruise tickets ordered by the two retailers, the maximum total expected profit of the two retailers is not changed with the number of cruise tickets for the supplier, because, under this condition, the two retailers have the optimal order quantity of cruise tickets to maximize their own expected profit, it has nothing to do with the total number of cruise tickets for the supplier, but when the two retailers' total order quantity of cruise tickets is constrained by the total number of cruise tickets for the supplier, it will be the larger the total number of cruise tickets for the supplier, the higher the total expected profit of the two retailers, because the larger total number of cruise tickets can make both retailers obtain more revenue. When the total number of cruise tickets for the supplier equals 0.6 in our model, that means the two retailers' total order quantity of cruise tickets is not constrained by total the number of cruise tickets for the supplier at some times, the total expected profits of the two retailers in the benchmark case are larger than that in the alliance case. However, when the total amount of cruise tickets ordered by the two retailers is constrained by the total number of cruise tickets for the supplier (the total amount of cruise ships for the supplier equals 0.5 and 0.4 in our model), the total expected profits of the two retailers in the alliance case are larger than that in the benchmark case. Furthermore, we can see that the difference value of the total expected profits of the two retailers between the benchmark case and the alliance case is gradually decreasing with the increasing , implying that the larger the market potential gap between the two retailers, the total expected profit of the two retailers in the benchmark case is closer to that in the alliance case whether the total expected profits of the two retailers in the benchmark case are larger than that in the alliance case or the total expected profits of the two retailers in the alliance case are larger than that in the benchmark case.
From Figure 3 , we can see that the profit of the supplier is hardly affected by the market potential of the retailer 1 ( ) in the alliance case, and the profit of the supplier is increasing and then fluctuates between a fixed value with the increasing when total number of cruise tickets for the supplier equals 0.6, but the profit of the supplier in the benchmark case is decreasing and then smoothly closer to that in the alliance case when total number of cruise tickets for the supplier equals 0.5 and 0.4 with the increasing . Furthermore, the profits of the supplier in the benchmark case and the alliance case are all increasing with the increasing with a certain amount of cruise tickets for the supplier, implying that the greater the competition between the two retailers, the higher the profit of the supplier whether in the benchmark case or in the alliance case. In addition, when the total amount of cruise tickets ordered by the two retailers is constrained by the total number of cruise tickets for the supplier, the profit of the supplier in the benchmark case is higher than that in the alliance case, because the monopoly position of the supplier in the alliance case is weaker than that in the benchmark case, and then the profit of the supplier correspondingly drops. But when the total number of cruise tickets equals 0.6, it can occur that the profit of the supplier in the alliance case is higher than that in the benchmark case, because the costs of the supplier are increasing with the increasing total number of cruise tickets, and then, for the supplier's monopoly position whether weaker or not, the supplier may put up the wholesale ticket price to the two retailers in order to increase the supplier's incomes, and then the profit of the supplier in the alliance case may be higher than that in the benchmark case; of course, it may occur that the profit of the supplier in the benchmark case is higher than that in the alliance case when the degree of the competition between the two retailers is relatively large.
From Figure 4 , we can see that the profit of the system is gradually increasing with the increasing and , and the profit of the system in the benchmark case and the alliance case is almost identical when the total number of cruise tickets equals 0.5 and 0.4. However, when the total number of cruise tickets equals 0.6, the profit of the system in the benchmark case is higher than that in the alliance case, which is similar to the change of the two retailers' total expected profits. In addition, the profit of the system in the benchmark case when the total number of cruise tickets equals 0.6 is higher than the other cases with different total number of cruise tickets. In fact, it is not true that the larger the number of cruise tickets, the higher the profit of the system, because the system's profit has something to do with the total quantity of cruise tickets ordered by the two retailers; if the total number of cruise tickets is too larger, the total amount of cruise tickets ordered by the two retailers is not constrained by the total number of cruise tickets for the supplier, the operating costs are increasing, and then the efficiency of the system is lower, which is consistent with Parker and Kapuściński [6] and Chang and Lee et al. [3] . The paper focuses on the difference of the expected profits of the cruise supply chain members and the system between them in the benchmark case and in the alliance case with a certain number of cruise tickets for the supplier; then we do not analyze the effect of the total number of cruise tickets for the supplier.
According to the above analysis, we can give some meaningful management insights for the supply chain members. With a certain number of cruise tickets for the supplier, the performance of the supplier in the benchmark case may outperform that in the alliance case when the total number of cruise tickets for the supplier does not constrain the total amount of cruise tickets ordered by the two retailers. It is good for the two retailers to have a virtual alliance, combining to form one retailer when the total amount of cruise tickets ordered by the two retailers is constrained by the total number of cruise tickets for the supplier, but when the total number of cruise tickets for the supplier does not constrain the total amount of cruise tickets ordered by the two retailers, it is not good for the two retailers to launch a virtual alliance to form one retailer.
Conclusion
In this paper, the two-echelon cruise tourism supply chain with one supplier and two competing retailers which are in the same competing market is investigated, and we model a decentralized system with limited total number of cruise tickets for the supplier and stochastic demand. We investigate the optimal decisions of the supplier and the two retailers using the supplier Stackelberg game in two different cases with a certain number of cruise tickets. First, the benchmark case: the supplier properly sets the wholesale ticket prices to the two retailers differently, and the two retailers determine the optimal decisions following a policy similar to the "basestock" policy. Second, the alliance case: the two retailers launch a virtual alliance, combining to one retailer, and the supplier sets the uniform wholesale price to the two retailers, and the two retailers determine the optimal decisions in this case using the same method in the benchmark case. And, in a numerical example, we can find that the size relationship of the wholesale ticket prices between them in the benchmark case and in the alliance case is not determined; it is related to the total number of cruise tickets for the supplier, cross-price coefficient, the reorder costs, and some other factors.
Furthermore, the larger the market potential of the retailer, the larger the retailer's retail ticket price and the order quantity of cruise tickets; the retail ticket prices of both retailers are increasing with the increasing cross-price coefficient. The wholesale ticket price of the supplier in the alliance case is not affected by the market potential of the two retailers, but it is increasing with the increasing crossprice coefficient. In addition, it is better off for the two retailers to launch a virtual alliance when the total amount of cruise tickets orders of the two retailers is constrained by the total number of cruise tickets for the supplier, but the total expected profits of both retailers in the alliance case are smaller than that in the benchmark case when the total number of cruise tickets for the supplier does not constrain the total amount of cruise tickets ordered by the two retailers. The supplier will put up the wholesale ticket price in the alliance case, and that increases the supplier's incomes to offset the costs, and the profit of the system in the alliance case is close to that in the benchmark case when the total amount of cruise tickets ordered by the two retailers is constrained by the total number of cruise tickets for the supplier, but the profit of the system in the alliance case is smaller than that in the benchmark case when the total number of cruise tickets for the supplier does not constrain the total amount of cruise tickets ordered by the two retailers.
Certainly, there are some limitations in this paper. First, we assume that the cruise supply chain members are riskneutral, but that may not be true in reality. Second, the two retailers' demands are assumed to be uniformly distributed, and a future analysis would be to study the random demands of the two retailers with a general distribution. Finally, the full ticket prices or the non-full ticket prices buyback contract of the cruise supply chain would be another significant analysis.
Take the second derivative Π ( , ) with respect to , , respectively, and we have
For the given values of 1 and 2 , we have Hessian matrix as follows:
(1 The Hessian matrix is negative definite, so Π ( , ) is concave on the vector( , )( = 1, 2).
Let the first order of Π ( , ),( = 1, 2) with respect to , equal 0, and, by solving the simultaneous equation, we can obtain (11) .
Then, from (11), we have Since > 0, = 1, 2, it follows that 1 / > 0, 2 / > 0.
Then we have the retail ticket prices of the two retailers that are increasing with the increasing intensity of competition between the two retailers. Take the second derivative Π ( 1 , 2 ) with respect to The Hessian matrix is negative definite, so Π ( 1 , 2 ) is joint concave with respect to 1 and 2 ; say, ( 1 , 2 ) is joint concave with respect to 1 , 2 , so we can use the K-T conditions to discuss it in two cases. i.e., Then we can calculate it and have the optimal solution (13).
Proof of Proposition 3 . The structure in the alliance case is the same as that in the benchmark case, and we can have that Π ( 0 ) is concave in 0 . Then we use the same method in Proof of Proposition 2 to discuss it in two cases. (A.14)
Then we can calculate it and have the optimal solution (18).
(ii) > 0, and we have Then we can calculate it and have the optimal solution (19) .
Proof of Corollary 4 .
From Proposition 3, we know that the optimal wholesale price of the supplier in the alliance case can be expressed as (18) and (19) , and we define (18) and (19) as 1 ( 0 ) and 2 ( 0 ) and differentiate 1 ( 0 ) and 2 ( 0 )with respect to 0 , , respectively, using the derivative of the implicit function, and we have W 0 / = 0, that completes this proof.
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